
Neutrinos (2)
Ramon Miquel (ICREA / IFAE Barcelona) 

(with input from Maury Goodman)

• Productive period: 48 new measurements (from 66 
reviewed papers, 25 with relevant data)                        
Deep in the precision-measurements mode (“mature”) 

• Many structural changes in previous years 2004         2006

• Basically no changes in listings in 2010. New oscillation 
review consolidates previous mini-reviews.

• A few extra changes may be necessary for 2012, but there 
are uncertainties...
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Cast
Maury Goodman     Encoding of accelerator neutrino papers
Don Groom             Overseer emeritus                                                 
Dean Karlen           “Number of Light Neutrinos”
Ramon Miquel         Overseer           Cheng-Ju Stephen Lin in Oct. ’10
Hitoshi Murayama   Mega-plot with current oscillation parameters
Kenzo Nakamura    Encoding of extraterrestrial neutrino papers                    
Kenzo Nakamura
           &                 “Neutrino Mass, Mixing, and Flavor Change”
Serguey Petcov      
Keith Olive               Encoding of Astrophysical papers
Andreas Piepke      Encoding of Nuclear Physics papers
        &                     “Introduction to the Neutrino Properties Listings”
Petr Vogel        “Note on Neutrinoless Double-Beta Decay”
+ consultants, referees, verifiers…
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In Numbers
• # of pages (in web edition --- haven’t seen the book yet)

– Summary table: 1

– Review section: 53

– Listings (including mini-reviews): 87

  Neutrinos badly underrepresented in summary tables!

• # of new measurements (papers):
– Properties: 9 (9)

– # of neutrino types: 0 (0)

– 0!"" decays: 15 (8)

– Mixing: 24 (8)

– Searches for Heavy Neutral Leptons: 0 (0)
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Some of these papers were missed by our 
literature searchers: JCAP, MNRAS..

Found by Keith Olive 
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Lots of papers with several 
measurements (2!, 0!, 
excited states) each. 
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Reviews

• Brand-new mass and mixing review (including solar 
neutrinos) by Nakamura and Petcov.

• Revised intro to neutrino properties review by Vogel and 
Piepke.

• Revised neutrinoless double-beta decay review by Vogel 
and Piepke.

• Solar neutrino review by Nakamura merged into overall 
mixing review.
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Oscillation Plot

• By Hitoshi Murayama.
• Combines all two-flavor 

oscillation data in one 
figure.

• Solar, atmospheric, reactor 
and accelerator results 
available at a glance.

• Included in Nakamura & 
Petcov’s review on 
neutrino oscilations.
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Mixing Results (PDG’10)

•  |!m2
32|   = (2.43 ± 0.13) "10-3 eV2    MINOS

•  !m2
21   = (7.59 ± 0.20) "10-5 eV2    KamLAND + Solar

•  sin2(2#23) > 0.92                          Super-K
•  sin2(2#12) = 0.87 ± 0.03                         KamLAND + Solar
•  sin2(2#13) < 0.15                          CHOOZ (+MINOS)
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Mixing Results (PDG’08)

•  |!m2
32|   = (1.9 - 3.0) "10-3 eV2    Super-K

•  !m2
21   = (8.0 ± 0.3) "10-5 eV2   KamLAND + Solar

•  sin2(2#23) > 0.92                     Super-K
•  sin2(2#12) = 0.86 + 0.03

- 0.04                 KamLAND + Solar
•  sin2(2#13) < 0.19                     CHOOZ (+Super-K)
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Issues: Reviews (from 2008 talk)

• The listings state and assume !m2
atm$ !m2

31 $ !m2
32

• This is appropriate for now.
• However, there is a great deal of interesting physics at 

the next level, and the reviews allude to this in ways that 
are not totally consistent.

• They need to be carefully re-edited with this in mind 
Mostly solved with new review
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Issues: Listings (from 2008 talk)

• The double beta decay section should be revised:
– Separating the 0% and 2% results
– Hiding the excited states Some progress

• As a result of the MiniBooNE results, the “Other Neutrino 
Mixing Results” section should probably be hidden in 
2010. NO! Recent results throw even more confusion into 
the mix

• We should be on the watch for what new nodes (if any) 
may be needed for new paradigms (>3%, etc.) Working 
on it
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Issues: Encoding (from 2008 talk)

• Growing number of “cosmo” papers dealing with neutrino 
mass and number of neutrinos published in journals we 
do not follow: JCAP, MNRAS... JCAP added to the list of 
journals we search

• Papers are assigned to encoders according to our old 
categories: reactor (Vogel and Piepke), accelerator 
(Goodman), solar + atmospheric (Nakamura), cosmic 
(Olive). It may be time to revise this. Still pending
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Issues: Personnel (from 2008 talk)

• I’m currently planning to leave PDG after the 2010 
edition.

• A new overseer for the neutrino sections will be needed. 
Solved: Cheng-Ju Stephen Lin is the new overseer
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Issue for PDG
What to encode?

• Six PDG collaborators met at 
lunch at !2010 to discuss the 
issue of what else to encode:

• There was no strong desire to 
add anything, except maybe 
NSI

• At Nufact2010 I raised the 
issue again, and received a 
request to encode non-
standard-interaction 
parameters

• Many measurements 
seek to test outside that 
paradigm
!! vs !
!4 !
!5 !

!Lorentz violation
!Sterile fractions
!Non standard Interactions
!…
– What is useful?
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NSI
! I was referred to and in 

contact with theorist 
Sacha Davidson from 
Lyon who has agreed to 
help

! One compendium of 
limits:

! There are notation 
subtleties I haven’t 
absorbed yet.
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Conclusions

• Neutrino physics has matured.
• RPP keeps adapting to the changes in our understanding 

of neutrino physics.
• Updated reviews help the reader follow this rather 

complicated subject.
• Minor improvements to the listings should be applied for 

2012.
• Recent results from MiniBooNE (and MINOS) may point to 

physics beyond the 3-neutrino paradigm. We need to 
understand how to deal with this.


